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PREFACE

This technical report was prepared by Northeastern University,

Boston, Massachusetts, under contract No. F19628-77-0087. It describes

work performed at the Dana Research Center, Electronics Research

Laboratory, from 22 December, 1976 to 21 December, 1979. The principal

investigator was B. L. Cochrun.
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EVALUATI ON

This effort has produced several state-of-the-art circuit

designs in support of the RADC/ESE IR focal plane program. All

the instrumentation described in this report is presently in use

in the laboratory. Furthermore, these instruments perform at near

theoretical levels and are outstanding in all aspects of design.

RICHARD W. TAYID)R
Pro ject Fngincvr

vi J



SE-CTION I

INTRODUCT ION

This report covers the modification of an Air Force owned IRDSS scan-

ning system prcvfouslv reported on in report RADC TR-77-105 Section IV, and

additional pleripleral circuitry to enhance the signal proce iing capability.

The primary change involves the requirement for two four-phase clocking

systems each controlled by a single master clock.

The modifications extend the initial system capability of single-line,

or 11), scanning to two-dimensional, 2D, scanning with provisions for a

video display. The flexibility of the original system, achieved by modular

construction with access to numerous test points, was incorporated in the

modified system which will be referred to as IRDSS-2D Scanning System.

The IRDSS-2D system provides the following capabilities:

(a) Retention of the original system reported on in report

RADC-TR-77-105.

(b) ID operation of a test CCD register on the 2D chip

(c) LD operation of the C register of the 2D chip by

deaciviating the B register.

(d) 21) operation

(e) X and Y sweep voltages multiplexed with a video output

i r Z axis modulation.

The physical system consists of three modular cabinets and a variety

I  of modules. The listed capabilities are achieved by an appropriate

combinatiol o those modules. Figures 1.0 through 1.3 i11lustrate, in block

torm, the various modes of operation.

A.



Sample 1Fat

Hod FI , Preamp Power

6 7 8 IR DET 1A Aux

Unit

aintAB 1 2 3 4 5 Scanning System

IA

Figure 1.0 Block diagram for capability (a). See RADC- TR-77-105

Section IV



Cabinet 1AC lAC 2A 3A-3AC I 5

* Internal "%D-2D" switch set for "ID"

Figure 1.1 Block diagram for capability (b), iD operation

Cabinet 1AC 1AC 2AC 3A-3AC 5

Cabinet 1AB lAB 2AB 3AB 

* Internal switch set to "2"
# External "Frame-line" switch set to "Line"

Figure 1.2 Block diagram for capability (c), C register

operation only.

N
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1AC 2AC 3A-3AC

Cabinet 1AC *

J1 J2

1AB 1 2

Cabinet IAB ** 2AB 3AB 5

# Reset output used only * Sweep circuitry
* Internal switch set to "2D"

*# External "Frame-line" switch set to "Frame"

Figure 1.3 Block diagram for capability (d), 2D operation
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Figure 1.0 indicates the setup for the original system. Figure 4.1

in the report referred to earlier is a photograph of the IRDSS and the

IRDET Aux units. For operation in this mode refer to the earlier re-

port. Figures 1.1 through 1.3 indicate the required modules for capa-

bilities (b), (c) and (d).

"1
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SVF'TION 11

2D OI'IRAFION

A. V VI.

'L i )or Lion requi ros two tour ila.c CCI regist~i5, one tor tit,

columns and one for rows. The column register wi t1 be referred to :is

the B register, and Lhe row register will be referred Lo as thL- k, re-

g istet.

A nllaster clock, MC, vnchronizes the operation of Lie B and C regis-

Lers by means of a horizontaIl blanking pulse, it Blank. The MC runs con-

tinm7ouslv with tLie It Blank pulses being counted for the purpose ot con-

trolling Lhe staring time for the detectors, and synchronizing the shut

down of the B Clock. T'he desired number of It Blank pulses is determined

by a trout panei switch which controls the reset timingz for the bank of

Iwo sLa-t-stop V\D'S, SN74S] 24, provide the initial B and C clock

S ignal s lose rim only when the input to the enabIink, gate is held at

A IrL low level. 'Tie 1 clock runs only for a time interval dictated by

thu' uso wilts o tile ilegative It Blank pulse. During this interval, tie

I clock output is encoded to produce only a single set of four phase B

clock voltag2s . iFho C clock runs continuously in the absence of the 1t

Limlak pil! ;c, i.('., whun the It Blank pulse output is at a TTL high level.

il,' oLiLplUt u! ti C: lock is encoded to provide the four phase C clock

vO v t.l c. .si igure 2.u) t or the basic encoding circuitry.

[ile centCItS ct one coiiplete row of the B register is loaded into

the iit ial weII a ot the C re gister 0u rig the time interval equal to
I .

the t1 Mlank pulse widthi. Then, between the relatively long intervals

I6-
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of the it Blank pulses the signal in the C register is read out serially.

Total readout requires 50 B to C transfers plus readout tine lor vach

row. After 50 HI Blank pulses the B clock is shut down. The C clock con-

tinues to run for a number of H Blank pulses depending upon the setting

of the counter switch control.

The counter operates for (2 n+4) H Blank pulses. Minimum count is

for a switch setting of N = 6, or 68 H Blank pulses. Thus, minimum star-

ing time for the detectors is for n = 6. The additional four It blank

pulses are used to generate a vertical blanking pulse, V Blank. During

the V blank pulse a transfer pulse is generated which allows the input

wells of the B register to be loaded by the detectors. The counters are

reset at the end of the V Blank pulse and the readout sequence is ini-

tiated again.

B. FUNCTION PARTITIONING

In the interest of flexibility and numerous front panel test points

the various functions required for each register are allocated to two

modular cabinets, each with individual power supplies. Cabinet IAC

contains the modules for the C register with the B register modules located

in cabinet lAB. Only two shielded interconnections between the cabinets

are required for synchronization.

1. Module 2AC

Circuitry in Module 2AC provides the following functions at TTL levels:

MC, I Blank, J., J2, C clock, 0 c (T) through 04 (T), G1) and Source pulses.

SG2 and Source pulse driver amplifiers using M110026 IC's with controllable

amplitude and bias offsets are also in this module.

The two outputs J and J2 link the two registers. Jl J2 with J,,

. 8-
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i bioant. All further discussion will be limited to referencing J and

Cirk-uit details for Module 2AC are shown in Figure 2.1. An assy-

metric MC signal is; obtained using an NE555 as an astable multivibrator.

A buttered IH Blank pulse is obtained by cascading two inverters. Two

other inverters are used to obtain J aand J The output of the first1 2*

inverter is J while the output of the second inverter gives J2 
= i"

See Figure 2.3a for waveforms.

With J low the C clock is enabled. Its output is the CK input for

the two 7474 D type flip flops. J2 is the Pr input for these flip flops,

and since J2 is high when J1 is low the flip flops are enabled during

the interval between H Blank pulses. The divide down operation of the

D type flip flops generates 0c(T) through 0 4c(T) as indicated in Figures

2.3b and 2.3c.

The toggling action of the Cl and Pr inputs of a D type flip flop

is used to generate the G 2 pulse. Q goes high when C1 goes low and

low when Pr goes low. 0 c(T) serves as the Pr input with the Cl input

being J2. Thus, Q goes high on the falling edge of J2 and remains high

until the first falling edge of 0it(T). This positive pulse, slightly

wider than J2 9 is inverted by the MH0026 driver amplifier to give a nega-

tive pulse, G 29 as indicated in Figure 2.3d.

The Reset and Source pulses originate at the output of the three in-

put Nand gate 7410A. This output, a negative pulse, is generated by

the high level coincidence of the 03 (T), 4c (T) and C clock inputs. The

resultant pulse width is one half of the C clock period. This pulse from

W.the 7410A is the active input to Nand gates 7410B and 7410C. The remain-

-12-



Figure 2.3a Top to bottoms H Blank, JV 1 J2 and Source

II!

Figure 2.3b Top to bottoms H Blank, C-Ck(T), 4 1 c(T)
and (T).
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Figure 2T)Top to bottom: 4,,(T), +2 , (T), * 3c(T)

Figure 2.3d Top to bottom: H Blank, J1, J2 andG

414-



Figure 2.3e Top to bottoms ' 41 c(T), + 2 c (T)
and Source.

Figure 2.3f Top to bottoms J 20 2 (T), source and
Reset.2' c

-15-



Figure 2.3g Top to bottom: JI, Jl, Source and Reset

Figure 2.3 Waveforms for Module 2AC
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Figure 2.5 Module 3A-3AC waveforms, top to bottom:

~29 41c' 02c and 43
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The B clock, an SN74S124, operates when the enabling input gate at

pin Il is low. This enabling signal is obtained at the output of Nand

gate 7400A. The inputs to 7400A are Jl and Q of D type flip flop 7474B.

7474B is operated in a toggle mode with the C1 input obtained at the out-

put of the three input Nand gate 7410A and the Pr input obtained at the

inverted output of counter 7493F. J1 pulses are counted by counters

7493 A, B, C, D, G and F. For 50 J pulses Q of 7474B is high. Conse-

quently, the B clock will run continuously during each J1 pulse interval

for 50 J pulses. After the 50th Jl pulse a Cl signal from Nand gate

7410A will toggle 7474B and shut down the B clock. B clock will remain

off until the next PR input from counter 7493F toggles 747413 again.

The interval between Pr inputs to 747413 is determined by the setting

Nof the counter switch. With this switch set for 2 , counter 7493F will

2N+
count, after the Nth pulse, an additional four 3i pulses, or (2 +4), and

tiueI reset all counters. At the end of the Nth pulse the output of coun-

Lcr 749Ji; goes high, initiating the V Blank pulse with a width of four

'JI pulses. [luring this interval a 74123 monostable multivibrator generates
Stle iransfer pulse which connects the detectors to the input wells of the

b tifl shift register. See Figure 2.7a and 2.7b for waveform details.

fhte B clock runs continuously during the first 50 JI pulse intervals,

however, Only one set oJ four phase B voltages are obtained for each of

te -U J pulses. Flue B3 clock enabling signal is inverted to obtain the

Pr input lor tle encoding D type flip flops 7474A. Ck inputs for the

are the inveted output of the Nand gate 440013. The inputs for

L t2e '40013 Lart LhLe B clock output and the inverted output of the counter

-9 i 3L. ike input Lo t~e couner is the direct output of the 740013. Therefore!23
-- MEOW4__



Figure 2.7a Top to bottoms J2 ' 7493F (Pin 9), Transfer

and V Blank.

Figure 2.7b Reset pulse for counters, Pin 8 of 7493F.

-26-



Figure 2.7c Top to bottom: J1, J 2, 7
4 sI24 Pin 10

and B Ck(T).

Figure 2.7d Top to bottom: JB Ck(T), +lb (T)
and 2b (T).

4 -27-



Figure 2.7e Top to bottom: 401b (T), *2b ( T), *3b(T)
and +b()

Figure 2.7 Waveforms for Module 2AB.

-28-



there will be a Ck input to the encoding 7474A oniv until the output of

the 7493E goes high. lhis time interval is sufficient to generate one

complete set of four phase B voltages at TTL levels. The counter is

reset by the J, pulse. See Figures 2.7c through 2.7e for operating

waveforms.

4. Module 3AB

Module JAB contains Lie four phase B clock gate driver circuits,

amplitude control and offset bias circuitry, DVM monitoring circuitry

and provisions for either ID or 21) operation. The latter provision is

controlled by the frame-line switch. In the line switch position G,

is connected to a fixed input of -10 volts. in the frame position G.,

is driven by 04b" Circiit details are shown in figure 2.8. See Figure
! b*

2.9 for the four phase B driver wavetorms.

-20



02B 024 BIAS

-10 -W- + 10

04 B G2

IF

-10

*MH0026 BNC Q CARD TERMINAL

T.IZF FICURE 2.8



+5 0 M

LUOTR-A~ +30

0-0- OTR-B

0- 0 MO S-B

0-AMP G1-B +10

0 13 -B 61

00'.-B I10

0 +15

061-B 

DH3725P
0 +10

RED ILK_
E)IT )o-10

DH3467

-15

FIG;URE 2.8 (CONTINUED)

MODLLE 3AB DIAGRAMl



Figure 2.9 Waveforms for Module 3AB, Top to bottom:

4)lb' )2b' 03b and 4b*



SECTION III

VIDEO DISPLAY

A. INTRODUCTION

The Video Display circuitry provides Horizontal and Vertical sweep

voltages and a multiplexing circuit for Z-axis modulation. The design

was based upon the requirements for a monitor oscilloscope with the

following sensitivities:

Horizontal and Vertical: O.ivolt/inch

Z-axis: + I volt for full blanking

- 1 volt for full intensity

A block diagram of the entire system is shown in Figure 3.1. A

Horizontal sweep is generated for each J2 pulse and synchronized with

the J9 pulse. 2N 11 sweeps are generated for each Vertical sweep which is

synchronized by the V Blank pulse. The multiplex circuit, synchronized

by the J, pulse, provides the necessary gain and timing for blanking and

analog signal intensity modulation at the Z-axis output.

I. Horizontal Sweep Circuitry

Circuit details of the H Sweep circuitry are shown in Figure 3.2.

The basic circuit consists of an inverting integrator with the ramp out-

put terminated by an active switch. This active switch, consisting of the

2N3905 and 2N3903 connected as shown, essentially shunts the integrating

capacitor C6 . A narrow trigger pulse, synchronized with J2' turns on

the active switch thereby terminating the ramp and discharging C6 . See

Figures 3.3 and 3.4 for operating waveforms.

2 . Vertial Sweep Circ'uitrv

Circuit details 01 the V Sweep circuitrv are shown in Figure 3.5..1,

is the input to counter 7493A. Counter 7493B is driven by Q divide
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Figure 3.3 Waveforms for H Sweep. Top to bottom:
J2# H Sweep and Z-axis output

Figure 3.4 Waveforms for H Sweep. Top, Z-axis output,

Bottom, H Sweep
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by lb - of the 7493A. The six outputs f rom the two counters are

the inputs to a multiplying A/D converter, AD7520. 'flie vertical

sweep, the output from the AD7520, is 2 steps. After 2 J., pulses

the V sweep is terminated by the V Blank pulse which resets the

counters. The overall amplitude of the V sweep voltage is control-

led by the amplitude of the individual steps. Operating waveforms

for tile V sweep voltage are shown in Figures 3.6 and 3.7.

3. Multiplex Circuitry

Circuit details of tile multiplex circuitry are shown in Figure 3.8.

The basic operation of this circuit takes advantage of the unique

characteristics of Operational Transconductance Amplifiers, or OTA's.

These amplifiers have an additional input current control which may

be used for gating the amplifier off or on.

Two CA3080's, OTA's, are used, one for the analog input signal

and the other for tie blanking pulse during the 11 Sweep retrace time.

'he two outputs from the oTA's are summed at the input of a buffer out-

put amplifier using amplifier 531C. CA3OSOA, the analog OTA, must be

on for the duration of the interval between J,, pulses. CA3O8OB, the

blanking oTA, is on only for the time interval given by the J, pulse

width.

Elie J, pulse voltage levels are not suitable for directly con-

trolling the OTA's. Consequently, d-c voltage level shifting mustI occur between tile J.2 pulse and the control input to the OTA's. This

is accomplished by means of operational amplifiers 531A and 531B. The

inverter, 7040A, at the inputs of 531A and CA3080B is necessary to

satisfy two requirements. One is the difference in timing for the two

-38-



Figure 3.6 Waveforms for V Sweep. Top, V Blank,

Bottom, V Sweep

Figure 3.7 Waveforms for V Sweep. Top, V Blank,

Bottom, V Sweep
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As. 1110 second is the necessary polarity of the blanking pulse at the

Z-Axis output, i.e., + I volt for full blanking. Thus, the control pulse

for CA3OSOA is a -5 volt pulse referenced to 0 volts with a pulse width of

J . The control pulse for CA3080B is a 5 volt pulse referenced to -5 volts

with the pulse width of J.2" See Figures 3.3 and 3.4 for operating wavetorms

aL tht' Z-axis output for a sinusoidal analog input signal to CA300A.

The video signal initially was displayed on an X-Y oscilloscope

monitor. Figure 3.9 is an example of the resultant display of a hand. The

white blotches represent defects in the schottky diode matrix. The lack of

grey scale eventually lead to the design of a TV compatible system which will

be discussed in Section IV.

I
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Figure 3.9 Image of a hand using an X-Y oscilloscope

monitor.
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i'lX .iiil\IL IRCLIiKY FOR SIGNAL PROCESSING

., )L C i 0.1

Aumncr * Li; icuIties arose in processing the 2d chip out-in signal. One

;: ::. .'c u ,-. ,tiset ut about 10 volts. This offset resulted from the bias

,; t~, o:1-cc, m,.rc:,-Loilower when terminated in its optimum external load. A

S.., 'Ilk-! U..' 2: is cLcou tCred WIhenl ani attempt was made to incorporate a back-

gLo) U!i :t-r ction Sc:loMc to enhance the video presentation and minimize the

::i-t ce , Ls. A tilird major processing difficulty involved the

Ltt m)' to ,o:.,TrL the 0ig iul I ILI-, s,,ster. to a TV compatible system. These

d ifi icult i , .. ussed Lri,> v in th,- ensuing sections.

.icr inl 1 . rcuir

"- iiicr r i :... J-ad Tor t-ho external load with provisions for

. .it is shown in Figure 4.0.

-. :, -: :.. 0 ,- . a , , 1 c LuI)uit o the preamplifier to reduce the

r" .c - .. ] .,;lital COnt.iLrol circuiLtry for the SHA-2A S-i

- .. -, .. ~r . I c neted in tie circuitry as well as the

u:..r o0 U i.c r L. , , SPA-.LA is di c.i tIa v synchronized to tie RESET

;,u. S. . t ri:, L 1ci: o tuL' I- rocister on the 21) chip requires tht complexity of

thi-i circuitrv. ih ( register would normally be only 25 "live" sections, however,

k data is passed through the "dummy" sections. Consequently, provision has been

made to synchronized on either the "dummy" readout or the "live" sections.

2. Background Processing Circuitry

An investigation was made into the feasibility of using a microprocessor to

enhance the video when using the X-Y oscilloscope monitor. The basic approach in

block diagram torm is shown is Figure 4.3. Difficulty was encountered with the

microprocessor programming. The priority assigned to a TV compatible system

pre. luded the reso hut ion of this problem.
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3. TV Compatible Circuitry

As mentioned earlier the lack of grey scale is a drawback when presentillg

video data on an X-Y oscilloscope monitor. A standard TV monitor would be more

suitable for the video display, however, the IRCDD circuitry is not designed to

run at TV sweep speeds. Furthermore, since all diodes must be read at the sallC

time, the video signal is a non-interlaced single field per frame.

Dr. Ewing of RADC/ESE initiated a solution to these difficulties which

involve time compressing the IRCCD video signal in a Reticon SAM-64, a slow

in/fast out BBD. The block diagram of Figure 4.4 illustrates the basic

approach

The crystal controlled master clock signa],MCK at a frequency of 1.4175

MHz, originates on the sync generator board. The C clock is obtained by means

of a phase lock loop, CD4046, at a frequency of 850.5 KHz. The same circuitry

as in the original IRCCD is used to obtain the C register phase drivers at

a frequency of 212 KHz.

The digital timing board, by means of the equalizing and H Blank pulses

from the sync generator board, generates the H Blank and Transfer pulses

required for operation of the IRCCD test facility. It also supplies the

Start In and Start Out pulses required by the BBD circuit.

The H Blank and C Ck inputs to the CCD driver board generates the 0 B and

0 C phase driver signals and the source and reset driver amplifier outputs

using the circuitry of the original IRCCD.

The SAM-64 BBD uses a delayed 0 4C input at 212 KHz as the Read In clock

signal, and the MCK signal at 1.4175 Miz as the Read Out clock signal. As

a result, the full readout of the IRCCD video occurs in 300 1seconds, whereas

a full readout of the BBD requires only 45 W seconds.

The log amplifier between the S-H output and the BBD signal input is

used to enhance low contrast signals while maintaining a high TV dynamic

range display. Figure 4.5 is an example of real time imagery for the 2D

IRCCD system. This photograph was taken directly from the TV display. The

image is a facial profile of a man smoking a pipe. The hot pipe is the bright

area in the lower left, whereas the dark area nearer the center shows the

contrasting coldness of the subject's nose.
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Figure 4-5. Human profile showing the contrast

between hot pipe and subject's cold nose.
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in VR of approximately -3 to +3 volts. Additional variation can be obtained

by reducing the two fixed 20K resistors.

A complete schematic for the CDSS-I is shown in Figure 5.3.

Figures 5.4 and 5.5 indicate the noise reduction capability of this CDS

system. Figure 5.5 is an expanded version of Figure 5.4. The top signal in

each figure is the output video signal into the CDS unit. The bottom signal

in each figure is in the output from the CDS unit.
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Figure 5-4. Noise reduction by means of the CDS
system. Top signal is input to the CDS, the bottom
signal is the output of the CDS.
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Figure 5v5. Noise reduction by means of the CDS
system. An expanded version of Figure 5-4.
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SECTION VI

CONCLUSIONS

Tn IRCcD-2D system was tested and found to function satisfactorily.

Vie flexibility built into the system proved to be as useful as anticipated

in that modifications suggested by subsequent evaluation of the 2D array

were incorporated with minor difficulties. The TV compatible system lias

proven the usefulness of the 2D array for infrared imaging and pointed the

way Lowards more complex arrays. Significant reduction of noise has been

&emonstratd bLY means of double correlated sampling techniques.

It should be anticipated that larger more useful 2D arrays Will become

avaiInbie in the near futuro. These undoubte{dly wiii involve mere complex

,iiive and control circuitry. Future investigations will involve not only

mol iticaions of tiae oresent circultry, but also take into consideration

Liu ipplication o pro-cessors to aid in controlling stare time and

JaA~iog signal conditioning.
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